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Abstract 
We have carried out point-contact spectroscopy measurements on CeCu6 and CeAl3 to study these 
heavy fermion states. Temperature and magnetic field dependences of the point-contact spectra were 
observed in detail. At the lowest temperature of 0.4 K, differential resistance spectra of CeCu6 and 
CeAl3 as function of bias voltage exhibit each distinct minimum structure and additional small peak 
structure. Temperature evolutions of these spectra started at temperatures related to the Kondo effect, 
although the minimum and the peak structure emerged in reverse between both spectra of two 
compounds. In magnetic fields, both structures monotonically change with no distinct change without 
a change of curvature of magnetic field dependence of magnitude of differential resistance at zero bias 
voltage at critical magnetic field of meta-magnetization. This behavior in magnetic field is different 
from that of CeAl2, which shows antiferromagnetic ordering. This result may suggest that PCS is able 
to discriminate between heavy fermion state and antiferromagnetic state.  
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1 Introduction 
Point-contact spectroscopy (PCS) is a useful tool for the investigation of the superconducting 
phenomena [1, 2]. Spectrum of the PCS, which is usually expressed a differential conductance as a 
function of bias voltage dI/dV (Vbias) in the case of superconducting spectrum, can directly observe the 
gap feature, therefore it have been applied for some investigations of temperature dependence of the 
superconducting gap and node structure of the gap [2-8]. On the other hand, many PCS studies for the 
heavy fermion compounds with enhanced density of states were carried out [10-14]. However a 
relationship between the point-contact spectrum and the enhanced density of states DOS is open 
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question. One of the previous works suggested that dV/dI(Vbias) exhibited a minimum structure at zero 
bias with a width equivalent to one of the Konde resonance peak in DOS at εF for a heavy fermion 
compound [12]. On the other hand, other works explained to a similar behavior of dV/dI(Vbias) by the 
heating model, in which the structure of the dV/dI(Vbias) is similar to the temperature T dependence of 
electrical resistivity ρ(T) [11,13,14]. Recently, we presented a result of PCS of CeRu2Si2 at various 
temperature and in magnetic fields, that showed a distinct peak in dV/dI(Vbias) spectrum [15]. This 
results cannot explain by the above two suggested models. In this work, we present results of PCS of 
CeCu6 and CeAl3 at various temperatures in magnetic fields. They are the typical heavy fermion 
compounds and exhibit a large electronic coefficient of specific heat γ which enlarges at below Kondo 
temperature TK [16-19]. TK of CeCu6 and CeAl3 are about 2 㹼 6 K. Moreover metamagnetic behavior 
involving enhancement of γ at critical magnetic field Hc are observed [17, 20-24]. Hc of both 
compounds are about 2 T. Previous PCS study for CeCu6 in high magnetic field have been reported. 
However measured temperature of 2 K is a bit too high, because metamagnetic behavior is not 
pronounced at 2 K. And it needs more detailed measurements around Hc [25].  
2 Experimental Methods  
The polycrystalline sample of CeCu6 and CeAl3 synthesized by melting a stoichiometric amount of 
constituent element, each of which has the purity of 99.9 %, 99.995 %, 99.9999 % for Ce, Cu, and Al, 
respectively. Then CeAl3 was heat-treated at 900 oC for 3 weeks. X-ray analysis for both samples 
showed the proper profiles, although there are some very slight peaks of CeAl2 in the profile of CeAl3. 
In order to carry out a PCS measurement with high reproducibility on temperature scanning even in 
high magnetic fields, we developed a new method. A fixed point contact was made on the sample 
surface. In this work, the point contact was consisted of an amounted Pt-wire of 30 μm diameter with 
epoxide-based adhesive. The edge of Pt-wire was a few micrometer. Resistance of a point contact 
between the Pt-wire and each sample was from several ohms to a few hundred ohms. In this instance 
the resistance of point-contact is quite larger than bulk resistances of the Pt-wire and the sample. 
Therefore the bias voltage is almost applied at near the boundary between the Pt-wire and the sample. 
The differential resistance dV/dI of the point contact was directly measured by the four terminal 
method using a system that consists of a current source and a nanovoltmeter on a Quantum Design 
physical property measurement system (PPMS-9) and an Oxford 3He refrigerator system (HELIOX).  
3 Results and Discussions  
3.1 Temperature Dependence 
Figures 1(a) and 1(b) show a bias voltage dependences of the differential resistance dV/dI(Vbias) at 
several temperature of CeCu6 and CeAl3, respectively. Insets of fig. 1(a) and 1(b) show T dependences 
of electrical resistivity ρ(T) of bulk sample of CeCu6 and CeAl3, respectively. A development of a 
minimum structure with decreasing T on the dV/dI spectrum of CeCu6 was observed. On a spectrum of 
differential conductance dI/dV(Vbias) this minimum structure becomes a peak structure. We observed a 
reproducibility among some point-contacts with different resistance of  about 1 㹼 100 Ω, although 
some spectrum with no anomaly was often observed. We consider that the spectrum with the 
minimum is essential for CeCu6. In addition some previous works showed a similar dV/dI spectrum 
[13, 25]. The development of the minimum structure starts at 5 K and this temperature coincides with 
the TK of this system. Moreover another structure which was small and broad peak appears below 
about 20 K. This structure is smeared by the distinct minimum structure. The small peak seems to be 
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concerned with Tmax where the ρ(T) shows a maximum. It is not impossible for the above two 
suggested models that to explain this result. That is, the peak with a narrow width of about 1.5 meV on 
the dI/dV looks like a Kondo resonance peak and then the shape of the dV/dI(Vbias) at lowest T is 
similar to the that of ρ(T). On a result of CeAl3 at 0.4 K, a large minimum structure and an additional 
small peak were observed. At first view, it seems to indicate a Kondo resonance peak with a coherence 
gap. However a width of the minimum structure is quite large as compared to the TK. When TK is 
several Kelvin, the width of the Kondo resonance peak is expected to be about 1 meV. In order to 
explain the result by heating model, a maximum of ρ(T) of CeAl3 is observed at 40 K, so that the 
width of the minimum structure also should be narrower. On the basis of the heating model the small 
peak at zero bias is unaccountable behavior, too. In contrast with the result of CeCu6, the minimum 
structure begin to evolve not at TK but rather at Tmax of 40 K and the small peak appears from TK. At 
least, two suggested model is not enough to explain this result.  
 
3.2 Magnetic Field Dependence 
Next we carried out PCS measurements in magnetic field H, in order to observe a change of 
spectrum between heavy fermion state and polarized magnetic moment state through the 
metamagnetic critical field Hc and a variation caused by an enhancement of γ at critical field. In the 
position that the observed minima are due to a Kondo resonance peak, minimum structure should 
enlarge and become narrower in connection with the distinct enhancement of γ toward Hc. In the other 
position of the heating model, in which dV/dI spectrum is roughly proportional to ρ(T), a magnitude of 
dV/dI(H) should increase as well as ρ(H) exhibits a maximum at Hc or a width of minimum structure 
might become narrower toward Hc. We expect that any remarkable change of spectrum emerges at Hc.  
The result of PCS measurement on CeCu6 in magnetic field at 2 K and 0.4 K is shown in Fig. 2(a) 
and 2(b). These measurements were carried out on a different point-contact but a same batch sample 
from the T dependence measurement. Therefore magnitudes of the resistance of both spectra are 
different but the minimum structures were similarly observed in these measurement. A spectrum in 
zero magnetic field after applying high magnetic field has no hysteresis compared to before one. It 
indicates that our method has a high repeatability. With increasing H, the minimum structure enlarges 
 
Figure 1: dV/dI spectrum of (a)CeCu6 and (b)CeAl3 at several temperature. Insets of both figures are 
temperature dependences of electrical resistivity of both bulk samples.  
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monotonically with accompanying broadening of width. Our dV/dI spectra in magnetic field at T = 2 K 
are similar to those in previous works [25]. We plotted only the typical data of H = 0, 2, 4, 6, 8 T on 
the fig. 2(b), and confirmed no remarkable change of the spectrum by detailed measurement around Hc. 
H dependence of the magnitude of dV/dI at zero bias voltage dV/dI0-bias(H) at T = 0.4, 1.0, 2.0 K is 
shown in fig. 2(c). Only a change of curvature of dV/dI0-bias(H) is found around at Hc. This behavior 
seems to become clear with decreasing T.  
Fig. 3(a) and 3(b) show the dV/dI spectra of CeAl3 as a function of Vbias at several H at 2 K and 0.4 
K, respectively. Although the small peak structure in the spectrum shown in fig. 3 is unfortunately 
smaller than that in fig. 1(b), similar peak structure was observed. With increasing H, the peak 
structure of T = 0.4 K broadens and then disappears. An asymmetric part of spectrum seems to be 
suppressed. However no remarkable change of the spectrum was observed as is the case in the result 
of CeCu6. Moreover a change of curvature of dV/dI0-bias(H) near Hc is common to the magnetic field 
variation of point-contact spectrum for two heavy fermion compounds.  
 
Figure 3: dV/dI spectrum of CeAl3 in magnetic field at T = (a)2.0 and (b)0.4 K. (c)Magnetic field 
variation of magnitude of dV/dI0-bias at T = 0.4, 1.0, 2.0 K. 
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Figure 2: dV/dI spectrum of CeCu6 in magnetic field at T = (a)2.0 and (b)0.4 K. (c)Magnetic field 
variation of magnitude of dV/dI0-bias at T = 0.4, 1.0, 2.0 K. 
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4 Discussions 
On the results of PCS measurements in magnetic fields, some different outcomes from our 
expectations was observed. It indicates that we need some new idea for improvement the previous 
explanations or a new suggestion. In order to search for new information, we carried out an additional 
PCS measurements of CeAl2, which undergoes an antiferromagnetic transition at TN = 3.9 K, has TK of 
5 㹼 10 K, and exhibits a maximum on ρ(T) at about 5 and 60 K (Tmaxl and Tmaxh)[26]. It exhibits a 
metamagnetic transition from antiferromagnetic state to polarized magnetic moment state at critical 
field Hc of 5 T[26-28]. There is a little enhancement of the γ at critical field[27]. ρ(H) exhibits a 
maximum at Hc due to a fluctuation of the magnetic moment[28]. Therefore CeAl2 is a good candidate 
for comparison with above two typical heavy fermion compounds.  
Fig. 4(a) and 4(b) show the (a)T- and (b)H dependence of dV/dI(Vbias) spectra of CeAl2, 
respectively. It starts to develop a characteristic of the structure with a peak and a minimum at 10 K 
and 5 K, respectively. We consider that there are a broad peak and a sharp minimum on the zero bias 
and then a spectrum forms double peak at ±1.5 meV and a minimum at 0 bias[11,13]. In this system 
the spectrum is well concerned with the Kondo effect, that is the peak and the minimum structure 
appears below TK and Tmax, respectively. With increasing H, the double peak structure is 
monotonically suppressed, on the other hand, the minimum structure temporarily becomes small until 
H = 4 T and conversely enlarges above 5 T. It follows that the H dependence of dV/dI0-bias exhibits a 
maximum as shown in fig.4(c). The heating model is a potential candidate to account for this behavior. 
The behaviors of the dV/dI(Vbias) and dV/dI0-bias(H) curves are similar to the ρ(T) and ρ(H) curves of 
the bulk sample, respectively. It is significant point to be emphasized that the results of PCS of CeAl2 
are accountable but not those of CeCu6 and CeAl3. In order to make sense for our results, we need a 
certain assumption. At first take into account the characteristics of PCS method, that is, a current flow 
depends heavily on an effective diameter of point-contact and a spectrum becomes more noticeable 
when the diameter is small, PCS measurements might be sensitive to the effect of a scattering on a 
single site. Therefore it might be difficult to observe the collapse of Kondo coherence state. Secondly 
 
Figure 4: (a)T- and (b)H dependence of dV/dI(Vbias) spectra of CeAl2. (c)Magnetic field variation of 
magnitude of dV/dI0-bias at T = 1.9 K. 
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considering a difference in the ground state between the heavy fermion state with almost vanished 
magnetic moment of CeAl3 and CeCu6 and the antiferromagnetic state of CeAl2, a scattering on the 
point-contact might be strongly affected by fluctuated localized magnetic moment. In either case, 
above discussions are only speculation, although they are reasonable assumptions. Beside it, recently 
there are some reports of the PCS measurements for heavy fermion compounds. It was suggested that 
the expression for the Fano interference provides a good fit to the PCS experimental results for heavy 
fermion compounds [29]. We need more future works to explain these results.  
5 Conclusion 
We have investigated point-contact spectra for heavy fermion compounds of CeCu6 and CeAl3 
below and above each critical fields. Point-contact spectra were carried out by our method, in which a 
point-contact device fixed on a surface of a sample, in order to measure with high reproducibility even 
at various temperatures and under high magnetic fields. Temperature and magnetic field dependence 
of point-contact spectra were observed in detail. Temperature evolution of these spectra started at TK 
and Tmax, therefore they were clearly concerned with the Kondo effect. Despite a clear change at Hc on 
the H dependence of magnitude of differential resistance at zero bias voltage of CeAl2, those of two 
compounds exhibit monotonically decreasing with no distinct change without change of curvature at 
Hc as is the case in CeRu2Si2. This result may suggest that PCS is able to discriminate between heavy 
fermion state and antiferromagnetic state. It is still unknown why PCS is permitted such a 
discrimination. 
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